We evaluated the clinical and angiographic results of endosaccular treatment with Guglielmi detachable coils (GDCs) in 19 cases of cavernous internal carotid artery (lCA) aneurysms. The size of the aneurysms ranged from 10 to 30 mm (mean 18.4 mm) and neck size ranged from 2 to 15 mm (mean 6. 7 mm). Intraluminal thrombosis was found in ten cases. Main presenting symptoms were related to mass effect in 17 cases including cranial nerve palsy, headache and vomiting.
Introduction
Treatment of cavernous internal carotid artery (lCA) aneurysms by direct surgical approach is difficult because of potential risk of profuse bleeding and cranial neuropathy 1. For these difficult aneurysms, surgical ligation or endovascular occlusion of the parent artery has long been performed as an effective and safe alternative 2-6. But even with meticulous pre-occlusion evaluation for possible ischemic complications, small group of patients suffered from neurologic complications after permanent occlusion of the parent artery 4-8. Selective occlusion of the aneurysm sacs with detachable balloons was tried, but it revealed higher complication rate compared with occlusion of the parent artery 3-5,8. Since the advent of detachable platinum coils, many surgically difficult or inoperable aneurysms can be treated safely and effectively by endovascular route 9,10. Treatment with detachable coils can allow surgically difficult cavernous ICA aneurysms to be eliminated without sacrificing the parent artery. However, this technique still represents a challenge to interventionists because those aneurysms are usually large in size and have a high incidence of luminal thrombosis 1,11. Another concern regarding selective occlusion of the aneurysms with platinum coils is that mass-related symptoms may not improve or even be aggravated because aneurysms treated with coils may not regress in size and coils in the aneurysm may exacerbate the pressure effect.
We attempted to occlude cavernous ICA aneurysms with Guglielmi detachable coils (GDCs) without sacrificing the parent artery and evaluated on angiography the results of GDC treatment according to the size of aneurysms and the presence of intrasaccular thrombosis.
Patients and Methods
Nineteen cases of cavernous ICA aneurysms treated with GDCs were selected for analysis. Medical records and angiograms were analysed retrospectively. The aneurysms with broad necks that did not seem to hold the coil mass were considered not suitable for selective coil occlusion and were excluded.
Among 19 cavernous ICA aneurysms in which endosaccular aneurysm occlusion with detachable coils was attempted, 17 aneurysms were treated preserving the parent artery. In the remaining two cases the parent arteries were occluded during or just after the procedure because the aneurysms were occluded incompletely and the underlying vascular pathologies were not corrected. One case was an aneurysm with a carotid cavernous fistula and the other was with an ICA dissection. They were excluded from the evaluation of symptom change after treatment and from the follow-up evaluation.
The aneurysm size ranged from 10 to 30 mm (mean 18.4 mm) and neck size ranged from 2 to 15 mm (mean 6.7 mm) on angiogram. Fourteen aneurysms were large in size (10 to 25 mm), five were giant (25 mm and over), and none were small (less than 10 mm). Sixteen cases had large necks (over 4 mm) and three cases had small necks. Intraluminal thrombus was found in ten cases.
The main presenting symptoms were diplopia or other cranial nerve symptoms in 14 cases, headache in two, nausea and vomiting in one. In one case the aneurysm was found incidentally and in another case, the aneurysm developed as a complication of a transsphenoidal hypophysectomy. Subarachnoid haemorrhage accompanied in one case with diplopia.
Percentage occlusion of the aneurysm lumen was analysed on initial angiograms. Results of initial GDC treatment were divided into three groups based on the occlusion rate of the lumen: total, 100%; subtotal, 95-99%; and incomplete, under 95%. We compared the occlusion rate between large and giant aneurysms and between thrombosed and non-thrombosed aneurysms. Statistical analysis was not performed because the number of the patients was not large enough.
Follow-up angiograms were taken in 15 patients with a period extending from four months to five years (mean: 11.9, median: 7 months). We routinely perform the first scheduled follow-up angiography six months after the procedure. Aneurysmal lumen re canalis ation was evaluated on follow-up angiograms. We compared the incidence of re canalisation between large and giant aneurysms and between thrombosed and non-thrombosed aneurysms. Patterns of coil mass changes were categorised into two: coil compaction and coil migration. Migration was defined as the entire coil mass moving inside the aneurysm, whereas compaction as a shrinkage of the coil mass. Symptom changes were evaluated after initial occlusion and during follow-up period.
Results
Anatomical and clinical results of our treatment were summarised in table. Among 17 cases in which parent arteries were preserved successfully, we achieved total to subtotal occlusion (95% plus) in ten cases (52.6%) (figure 1). Seven cases were occluded incompletely (less than 95 % ). Among 14 large aneurysms, nine (64.3 %) were occluded more than 95 % whereas only 1 aneurysm was among five giant aneurysms (20%). For thrombosed aneurysms four out of ten (40%) were occluded more than 95%, whereas six out of nine (66.7%) were in non-thrombosed aneurysms.
Symptoms of cranial nerve compression resolved or improved in 11 cases out of 12 after initial treatment (no change in one, slightly improved in two, improved in seven and resolved in two). Other symptoms such as headache, nausea and vomiting, or neck stiffness also resolved after initial treatment. No immediate or delayed complication occurred related to the procedure.
Among 15 cases in which follow-up angiograms were available, ten cases (66.7 % ) showed luminal recanalisation. The extent of luminal recanalisation ranged from 10% to 30% of the initial aneurysm size. The incidence of recanalisation was 75% (3/4) in giant aneurysms and 63.6% (7/11) All cases with coil migration occurred in the thrombosed group. Symptoms recurred in only one case with luminal recanalisation. In this patient the aneurysm was initially occluded by 70% and showed further coil compaction on follow-up. Retreatment was done three times with final achievement of 95 % of occlusion and symptoms resolved (figure 3). In another four cases retreatment was performed successfully with more than 95% of luminal occlusion.
Discussion
Aneurysms of the intracavernous segment of ICA account for 3% to 5% of all intracranial aneurysms 12. They tend to be large in size with 60% of all cavernous aneurysms large to giant in size 1,11 ,13 . Thrombosis of the aneurysm lumen is not uncommon.
The natural course of cavernous ICA aneurysm is generally benign 2,12,14. Usually they produce mass effect, presenting with cranial nerve palsy or headache. Haemorrhage into the subarachnoid space is uncommon and may occur in intradurally extended aneurysms. Carotid cavernous fistula, epistaxis, or cerebral embolism rarely occurs 5,12. Linskey and colleagues 12 reported the result of follow-up without treatment from five months to 13 years in 20 aneurysms. Clinical course of the patients was variable. They showed symptom stabilisation, improvement or worsening. They concluded that therapeutic intervention is necessary only in large aneurysms arising from the anterior loop of the ICA and in patients with subarachnoid haemorrhage, epistaxis, severe pain, progressive ophthalmoplegia or progressive visualloss.
There are several options for treatment of cavernous ICA aneurysms. Surgical ligation of the ICA or common carotid artery has long been performed to treat these difficult aneurysms. Currently, endovascular occlusion of the parent artery with detachable balloons has replaced surgical ligation 3,15. Occlusion of the parent artery resulted in complete obliteration of the aneurysm and subsequent thrombosis with symptomatic improvement and protection from bleeding 3 ' 6 ,8,15. Although occlusion of the parent artery is considered an effective and safe procedure for unclippable aneurysms, it carries the risk of ischemic complications. Even though the patients tolerated balloon test occlusion prior to permanent arterial occlusion, neurological complications such as stroke or transient ischemic attack developed in about 10% of cases after arterial occlusion 48.
Direct surgical approaches for clipping, aneurysmorrhaphy, or cavernous sinus trapping with saphenous vein graft have been described with favorable results 13,16. However, opening the cavernous sinus carries a higher rate of morbidity or mortality than balloon occlusion technique 1. Recently endovascular embolisation of the aneurysm with parent artery preservation has become available in selected cases. Aneurysmal lumen occlusion was tried with detachable balloons filled with solidification agent, but there was a high rate of complications. In addition, intraaneurysmal balloon occlusion is feasible only in a minority of large cavernous aneurysms, specifically those with narrow necks. After the detachable platinum coils became available, coils could be used instead of balloons for aneurysmal sac occlusion 8. The coils have many advantages over detachable balloons in the endosaccular treatment of aneurysms. They include easy applicability, maneuverability, and retrievability. Additionally, the coils conform to the aneurysmal shape and exert less trauma on the vascular wall 8,17 ,18 . However, there are some problems in treating cavernous ICA aneurysms with coils. Aneurysms in the cavernous ICA tend to be large in size and the incidence of luminal thrombosis is high 1,11,13. This interferes with tight packing of the aneurysm lumen. The occlusion rate in our series is lower than the results reported in saccular aneurysms 19. Large aneurysms and non-thrombosed group showed a higher occlusion rate than the giant and thrombosed group.
The incidence of recanalization of the aneurysmal lumen on follow-up angiography was high (66.7%) in our series. This is significantly higher than the results of balloon occlusion procedure of the parent artery, in which almost all cases showed complete occlusion of the aneurysm. The recanalization rate was higher in giant aneurysm group and thrombosed group suggesting that the large size of the aneurysms and the high incidence of luminal thrombosis may have caused this result 10,20. Although the number of cases in our series is not sufficient to reach a conclusion, we consider that small or large aneurysms with small necks and without thrombus may be good candidates for endosaccular GDC embolisation. Aneurysms with giant size, luminal thrombi, or broad necks did not seem to be suitable for this technique.
For these aneurysms, parent artery occlusion may provide better results if the patients can tolerate the test occlusion. Recently new techniques have been developed such as a balloonassisted remodeling technique or stenting. An ..... increasing number of authors report effective treatment of broad neck aneurysms with GDC by using these techniques 2123.
We believe these techniques would be useful in the treatment of cavernous carotid aneurysms because these aneurysms tend to be larg-Interventional Neuroradiology 6: 291-298, 2000 er in size, have broad necks, are located proximally, and have large parent vessels, which allow easier manipulation of the equipment. These techniques may facilitate GDC embolisation of cavernous carotid aneurysms with parent artery preservation. Another problem regarding the endosaccular treatment of cavernous ICA aneurysm with GDC is the mass effect of the aneurysm. Cavernous ICA aneurysms commonly manifest as mass-related symptoms such as ophthalmoplegia, retroorbital pain or trigeminal area pain and these account for nearly 80% of presenting symptoms 5 . Occlusion of the parent artery has been shown to be effective in alleviating the mass effect 4,5 . The aneurysm size usually decreased on follow-up imaging 24 ,25. With endosaccular occlusion, aneurysm size reduction was also reported in some cases 26. However, it is not well established whether the aneurysms filled with coils shrink or not in a large series. Regardless of this aneurysmal size change, mass-related symptoms were reported to improve.
Halbach and colleagues 25 reported that mass-related symptoms were alleviated in 24 cases out of 26 intracranial aneurysms including 13 cavernous ICA aneurysms by endosaccular aneurysm occlusion using detachable balloons (23 cases) or coils (3 cases).
In our series, mass-related symptoms resolved or improved in most of the cases even though the aneurysms were occluded incompletely in some cases.
The mechanism for improvement of the mass effect is not well understood yet. Halbach and colleagues suggested the reduction of aneu- ment is by alleviating pulsation, a mass effect may also be relieved. Our result supports the idea that aneurysmal sac occlusion does not aggravate the associated mass effect in the long run and in fact, it is effective in alleviating the mass effect.
In addition, despite the residual lumen in the aneurysms, symptoms improved and usually did not recur even after recanalisation of the lumen. However, our study lacks long term follow-up and there is still a possibility of further luminal recanalization.
